Background: We previously reported that modulation of cytokeratin18 induces pleomorphism of liver cells, higher cell motility, and higher drug sensitivity to sorafenib treatment of hepatoma cells. These relationships were established by in vitro experiments. The aim of this study was to determine the in vivo association between cytokeratin expression and tumor behavior, as well as cancer stem cells of hepatocellular carcinoma and intra-hepatic cholangiocarcinoma in Taiwan. Methods: Cytokeratins and sal-like protein 4 expression was determined in 83 hepatocellular carcinoma and 30 intra-hepatic cholangiocarcinoma specimens by immunohistochemistry. The relationship between cytokeratins and sal-like protein 4 expression with hepatitis virus infection, clinicopathologic factors, and survival was analyzed. Further, the correlation among cytokeratins and sal-like protein 4 expression was studied. Results: In addition to cytokeratin8/18, the expression of cytokeratin7/19 and sal-like protein 4 was noted in hepatocellular carcinoma; however, only cytokeratin19 expression had a significant correlation with poor overall survival and poor disease-free survival. The expression of cytokeratins and sal-like protein 4 was not correlated with hepatitis virus infection. The expression of cytokeratin19, but not 7, 8, and 18, was correlated with sal-like protein 4 expression in hepatocellular carcinoma. Cytokeratin7 expression was decreased and the sal-like protein 4 expression was absent in all 30 intra-hepatic cholangiocarcinoma cases. The expression of cytokeratins had not statistically significant correlation with overall and disease-free survival in patients with intra-hepatic cholangiocarcinoma. Conclusions: The expression of cytokeratin19 was associated with sal-like protein 4 expression, as well as poor overall and disease-free survival in hepatocellular carcinoma patients in Taiwan.
Introduction
Primary liver cancer (PLC) is the second leading cause of cancer-related deaths in Taiwan and the third leading cause of cancer-related deaths worldwide [1] . Hepatocellular carcinoma (HCC) and intra-hepatic cholangiocarcinoma (ICC), thought to originate from hepatocytes and cholangiocytes, respectively, are the two major forms of PLC and accounting for 85%-90% and 5%-10% of cases, respectively [2] . Cytokeratin (CK) is a cytoskeletal intermediate filament. Different epithelial cells express characteristic combinations of CK polypeptides. In normal human liver, hepatocytes typically express CK8 and CK18, while bile duct cells
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Human HCC and ICC cells are morphologically different from hepatocytes and cholangiocytes. We have identified the pleomorphism of these cancer cells is caused by instability and disorganization of the cytoskeleton system. An unstable cytoskeleton may also play a role in tumor biology, including tumor transformation, tumor progression, local invasion, and distant metastasis. In our previous study, modulation of CK18 in human HCC was established [5, 6] , and we showed that plectin, a versatile cytoskeleton cross-linking protein in a variety of tissues and cells, was deficient in human HCC [7] . We recently reported that by affecting the expression and organization of CK18, a plectin deficiency partially augments the cytoskeleton and induces pleomorphic changes in liver cells [8, 9] . In addition, plectindeficient human liver cells exhibit higher cell motility and are associated with an increase in focal adhesion kinase activity that is comparable to the properties of invasive HCC [10] . Moreover, we have shown that plectin deficiency and increased E-cadherin in hepatoma cells are associated with higher rates of cell motility, collective cell migration, as well as higher drug sensitivity to sorafenib treatment [11] .
High recurrent rates of HCC impact the curative effect after hepatectomy. Many risk factors, including tumor size, tumor focality, histologic grade, and vascular invasion, have been shown to be closely associated with the recurrence and survival of HCC patients [12, 13] . At the molecular level, the relationship between the expression of cancer stem cell (CSC) markers, such as CD133, CD90, CD44, EpCAM, CK19, and sal-like protein 4 (SALL4), and poorer outcomes in patients with HCC has been established [14] [15] [16] [17] [18] [19] . SALL4 is an oncofetal protein that is expressed in the human fetal liver and silenced in the adult liver, but SALL4 is re-expressed in a subgroup of patients who have HCC and an unfavorable prognosis [19] . Recently, several CSC prognostic markers or therapeutic targets have been reported in human ICC [20, 21] ; however, very little information exists with respect to SALL4 in ICC.
The relationship between tumor transformation and CK18 modulation in HCC was established in our previous study using an in vitro experiment model [7, 9] . The aim of this study was to determine the association between CK expression and tumor behavior in HCC patients of Taiwan. Using immunohistochemistry, the expression of CK8/18 and CK7/19 was examined and the results will be correlated with clinical data of HCC. Because CSCs have been proposed to be cancer-initiating cells, the expression of CKs will be correlated with the CSC marker, SALL4, in this study to understand the development of HCC. In addition, reports about the CKs and SALL4 in ICC are limited. We therefore determined whether or not the phenomenon in HCC is equivalent in ICC. We hope our study will provide a critical assessment about the development of human HCC and ICC in Taiwan. 
Materials and Methods

Patients and tissue specimens
Immunohistochemistry
Using the Bond-Max autostainer (Leica Biosystems, 099253 Singapore), tissue sections were stained with CK7, CK19, CK8, CK18, and SALL4 monoclonal antibodies. The details of these immunomarkers are provided in Table 1 . Slides stained with the previously mentioned antibodies were performed on the fully automated Bond-Max system using onboard heat-induced antigen retrieval and a Leica Refine Polymer Detection System (Leica Biosystems). Diaminobenzidine was used as the chromogen (Leica Biosystems) in all immunostains. Positive control used in each immunostain reaction: human breast tissue for CK7, human pancreatic ducts for CK19, human liver tissue for CK8 and 18, human seminoma tissue for SALL4. Negative control is to perform the immunostain with the primary antibody omitted and substitution of preimmune serum at the same protein concentration as the primary antibody. The images were captured by the Olympus BX51 microscopic/ DP71 Digital Camera System (Ina-shi, Nagano, Japan) for study comparison.
Interpretation of CKs and SALL4 expression
The immunohistochemical staining slides were interpreted by two pathologists who were blinded to the clinical data. The interpretation was based on a semi-quantitative system; the staining intensity and proportion. At least 1000 cells in 5 randomly chosen areas of the tumor tissues were analyzed in each section at ×400 magnifications. The staining intensity was scored as 0 (negative), 1 (weak), 2 (intermediate), or 3 (strong). The staining proportion was scored as 0 (negative), 1 (1%-10%), 2 (11%-50%), or 3 (51%-100%) according to the percentage of immunoreactive tumor cells. The final score (immunoreactive score [IRS] ) was calculated by multiplying the intensity score by the proportion score. 
Statistical analysis
All statistical analyses were performed using IBM SPSS Statistics for Windows (version 24.0; IBM Corp., Armonk, NY, USA). Disease-free survival (DFS) was defined as the interval falling between the date of surgery and the date of tumor recurrence or the date of the most recent follow-up with no proof of tumor recurrence. At the time of the previous visit for regular follow-up, a censor was performed on overall survival (OS) time. The Kaplan-Meier method was used to estimate the probabilities of OS and DFS, and the log-rank test was used to detect differences between the curves. A chi-square test and Student's t-test were used to analyze the clinical data, as indicated. A difference of P-value < 0.05 between groups was considered statistically significant. Spearman's correlation analysis was used to analyze the relationships among the expression of CK7/19, CK8/18, and SALL4.
Results
Expression of CKs and SALL4 in HCC tissues
The results of HCC immunostaining are shown in Figure 1 . Twenty-seven of 83 HCCs (32.5%) were positive for CK7 expression (Figures 1b and 1c ), while 18 (21.7%) were positive for CK19 (Figures 1e and 1f) . The results conflicted traditional dogma because CK7/19 was recognized as no expression in hepatocytes and HCC. Overexpression of CK7/19 in HCC was identified in this study; however, we noticed that there is no IRS=9 expression pattern for CK7/19 in HCC.
All HCC specimens were CK8/18-positive; however, the extent of expression was uneven. Sixty (72.3%) and 49 (59.0%) cases had decreased expression (IRS 1~6) of CK8 (Figures 1g and 1h ) and CK18 (Figures 1j and 1k ), respectively. The normal expression pattern (IRS=9) of CK8 ( Figure 1i ) and CK18 ( Figure 1l ) was only 27.7% and 41.0%, respectively. The results were in agreement with our previous data [5] [6] [7] , suggesting that CK18 is modulated and down expression in HCC.
For the SALL4 expression, only 20 cases (24.1%) were SALL4-positive (punctate [ Figure 1n ] or diffuse intense [ Figure 1o ]) in HCC, while non-tumor hepatocytes revealed no SALL4 expression.
Expression of CKs and SALL4 in ICC tissues
The results of ICC immunostaining are shown in . Surprisingly, all of the 30 ICC cases had negative staining for SALL4 in the tumor portion and bile duct epithelium (Figures 2m and 2n) .
Expression of CKs and SALL4 as prognostic factors in HCC and ICC
To evaluate the prognostic value of CKs and SALL4 in HCC and ICC, we examined the correlation between the expression of CK7/19, CK8/18, and SALL4 and patient survival using the Kaplan-Meier method and log-rank test. Our data showed that HCC patients with a positive expression of CK19 exhibited shorter OS compared with negative expression (22.4 months vs. 61.3 months, p =0.028; Figure 3b ), while the DFS was 8.7 months versus 39.0 months (p =0.001; Figure 3g ). Our data also show that the expression of CK7, CK8, CK18, and SALL4 affect the OS and DFS of HCC patients, but without statistical significance ( Figure 3 ). The expression of CK7, CK19, CK8 and CK18 may affect the OS and DFS of ICC patients, but without statistical significance (Figure 4 ). 
Correlation between CK and SALL4 expression and hepatitis virus infection status in HCC
Based on the chi-square test, there was no significant difference between CK or SALL4 expression and HBV or HCV infection. The NBNC group was not statistically correlated with CK or SALL4 expression ( Table 2) .
Comparison of clinicopathologic features between CK19-positive and -negative HCC
The results of an analysis of the relationship between CK19 expression and various clinicopathologic parameters are summarized in Table 3 . Surprisingly we found that tumor size alone was associated with CK19 expression; the mean size of CK19-positive HCC was greater than CK19-negative HCC (10.2 cm vs. 7.4 cm, p=0.041 ). There was no significant difference between CK19 expression and HBV or HCV infection. The age, gender, smoking and alcohol consumption status, titer of α-fetoprotein, number of tumors, tumor grading, cirrhosis, vascular invasion, and metastasis were not statistically correlated with CK19 expression in HCC. 
Spearman's correlation analysis of CKs and SALL4 in HCC and ICC
We explored the association between expression among CK7/19, CK8/18, and SALL4 in HCC and ICC using Spearman's correlation analysis. In HCC, of all the markers examined, the only significant association was found between CK19 and SALL4 expression (Spearman rs = 0.359, p = 0.001) as well as CK8 and CK18 expression (Spearman r s = 0.783, p < 0.001). No correlation existed among the other markers. Therefore, the expression of CK19 was correlated with SALL4, while the expression of CK7, CK8, and CK18 was not associated with SALL4 expression in HCC (Table 4 ). In ICC, the test demonstrated that expression of CK19, CK8, and CK18 was strongly correlated, while expression of CK7 was not associated with other CKs. The expression of SALL4 was not included in this analysis because all 30 cases of ICC were SALL4-negative ( Table 5 ). The correlation was significant at the 0.01 level (2-tailed). 
Discussion
In the current study, we determined the expression of CK7/19, CK8/18 and SALL4 in patients with HCC and ICC in Taiwan. The results demonstrated that CK7 and CK19 were expressed in 32.5% and 21.7% of 83 HCC cases, respectively. Despite being contrary to traditional dogma that CK7/19 is not expressed in hepatocytes and HCC, our data were in agreement with an earlier report that asserted CK7 and/or CK19 were/was expressed in 28% of Caucasian patients with HCC [22] . We also notice that the expression of CK7/19 in HCC has recently been reported more commonly [23, 24] . Of 83 HCC patients, 72.3% and 59.0% had decreased expression of CK8 and CK18, respectively. The results are in agreement with our previous study [5] [6] [7] , suggesting that CK18 is modulated and downregulated in human HCC. The frequency of SALL4 expression in HCC has in fact varied widely in different report, ranging from 1.3%-85% [25] . Our data showed SALL4 expression to be 24.1% of 83 HCC patients. In the adjacent non-neoplastic liver, the hepatocytes and bile ducts did not stain for SALL4; the results are consistent with other publication [25] . The expression of CK7/19 and SALL4 might indicate the stemness characteristics in HCC. Considering the correlation between CK expression and patient survival in HCC, we found that only CK19 expression was significantly associated with reduced OS and DFS in HCC patients. Expression of other markers, including CK7, CK8, and CK18, might affect the survival outcome of HCC; however, there was no statistical significance. Recently, CK19 has been reported to be a key factor of aggressive progress and poor prognosis in HCC [23] . The clinicopathological features associated with poor prognosis of CK19-positive HCC, including invasion and angiogenesis [23] , increased tumor size, decreased tumor differentiation, metastasis, and microvascular invasion [26] , as well as histologic features and TNM staging [27] , and higher recurrence rate [22] were also reported. Surprisingly, our data revealed that tumor size was the only prognostic factor of CK19-positive HCC in Taiwan. Other clinical features, including titer of α-fetoprotein, HBV/HCV infection, tumor grading, cirrhosis, vascular invasion, and metastasis, were not correlated with CK19 expression in this study. Tumor size was strongly associated with cell proliferation ability, and epidermal growth factor-induced CK19 expression accompanied by increased growth ability in human HCC has been reported [28] . Therefore, we suggest that poor prognosis of CK19-positive HCC might be associated with tumor size by activating the epidermal growth factor signal pathway.
Identification of CSCs and CSC-related therapeutic targets is necessary for improving HCC treatment outcomes. In addition to the correlation with poor prognosis of HCC, CK19 has also been reported as a CSC marker of HCC [18, 29] . Because the association of CK and SALL4 expression has rarely been studied in HCC, we were interested to determine whether or not SALL4 expression in HCC is associated with the expression of other CKs in Taiwan. Based on Spearman's correlation analysis, the results showed that expression of CK19, but not CK7, CK8, and CK18, was associated with SALL4 expression in HCC. Few studies have shown that overexpression of SALL4 correlates with an increase in CK19 expression and markedly augment the size and number of CK19-branching structures [30, 31] , and that SALL4-positive HCC is more frequently immunoreactive for CK19 [32] . In this study, we explored the combined detection of CK19 and SALL4 in human HCC, and showed that expression of CK19 was significantly associated with SALL4. Therefore, CK19 is a potent prognostic biomarker of HCC-CSC with stem cell characteristics, and is a therapeutic target for HCC. In addition to the CK19-SALL4 relationship, a strong associated expression between CK8 and CK18 in HCC was found in this study. The molecular mechanism underlying the associations between the expressions of markers in HCC is not clear, but is the focus of ongoing corollary studies.
A number of studies have demonstrated that elevated expression of SALL4 in tumors is associated with poor survival and resistance to chemotherapy of HCC patients [19, 25, [31] [32] [33] [34] ; however, our data revealed that SALL4 expression is not significantly associated with OS and DFS of HCC patients in Taiwan. The discrepancy might due to the different interval of follow-up. There is a report that showed SALL4-positive HCC had worse short-term (< 1 year) DFS, but the long-term DFS or OS did not differ significantly between patients with SALL4-positive and -negative HCC [32] . Because our follow-up interval was up to 120 months, it was reasonable to show that SALL4 expression is not significantly associated with OS and DFS long-term. In this study, we also found that the expression of CK and SALL4 did not correlate with HBV/HCV infection in HCC. The results were compatible with most published data [23, 26, 33] .
In ICC, the expression of CK19, CK8, and CK18 was 100% in 30 ICC cases; however, 83.3%, 30%, and 23.3% of the 30 cases revealed decreased expression of CK19, CK8, and CK18, respectively. We also observed that all of the ICC cases had low or no expression of CK7 (IRS 0~6) when compared with normal bile duct epithelium and adjacent proliferative bile ducts (IRS=9). This finding was valuable for pathologic practice. Bile duct proliferation is often seen in liver diseases and mimics bile duct adenocarcinoma. Our finding may help pathologists discriminate bile duct proliferation from carcinoma and avoid a misdiagnosis. Even though numerous studies have indicated that CK7 is expressed in ICC, pre-malignant conditions, and normal biliary epithelium [35, 36] , Zen et al. [37] reported that Tubulin b-III is more specific than CK7 for discriminating ICC from non-malignant biliary epithelium. Our data demonstrated that expression of CK7 was normal (IRS=9) in normal and proliferative bile ducts (100%), while all ICC patients had low (IRS 1-6 [80%]) or negative (IRS=0 [20%]) expression of CK7. Therefore, down expression of CK7 might be a suitable landmark for discriminating ICC from non-malignant biliary epithelium. At the tissue level, CKs have rarely been studied with respect to roles in association with patient survival in ICC. In this study, we reported that there was no significant correlation between OS and DFS and lower CK expression of ICC in Taiwan. Interestingly, we also found that the expression of CK8, 18, and 19 was significantly correlated in ICC, but CK7 expression was independent to other CKs.
Several CSC markers have been reported in ICC, but SALL4 is not mentioned in those publications [20, 21] . In our study, the expression of SALL4 was not found in all 30 ICC patients, therefore the association between SALL4 expression and ICC patient survival could not be assessed. The bioinformation about SALL4 in ICC is limited; however, two main reports have indicated that ICC expresses SALL4. Oikawa et al. [31] reported that four of five cholangiocarcinoma specimens expressed SALL4, but bioinformatics analyses relating SALL4 expression to survival of patients has not been reported. Deng et al. [38] reported SALL4-positive immunoreactivity in 58% of 175 ICC cases, and strong SALL4-positive cases had shorter overall survival; however, SALL4 protein was expressed mainly in the cytoplasm rather than the nuclei. Recently, Zhu et al. [39] reported that knockdown of SALL4 inhibits malignant phenotypes of ICC cells by regulating PTEN/PI3K/Akt and Wnt/β-catenin signaling and repressing the epithelial-mesenchymal transition process. Our data in Taiwan differs from the publications in Japan and China; whether or not the discrepancies are due to ethnicity or other factors warrants further research.
Conclusions
Expression of CK7/19 and SALL4 in HCC patients of Taiwan was confirmed. The expression of CKs and SALL4, with the exception of CK19, was not associated with HBV/HCV infection and survival of HCC patients. A significant correlation between SALL4 and CK19 expression in HCC, as well as poor OS and DFS in CK19-positive HCC patients of Taiwan, supports the recent literature that SALL4 and CK19 may be useful markers of stemness in hepatic stem/progenitor cells and HCCs. For the first time, we have reported that ICC has decreased or negative CK7 expression and the expression of SALL4 was also negative. The expression of CK8, 18, and 19 was significantly correlated, and CK7 expression was independent of other CKs; however, there was no significant correlation between CK expression and survival of ICC patients in Taiwan. 
